The coastal zone and estuaries of Quang Ninh and Hai Phong have great potential not only for economic development but also for protection and conservation of biodiversity and ecosystem. Nowadays, due to industrial, agricultural and anthropogenic activities signs of water pollution in the region have been found. The level of surface water pollution can be determined by traditional methods through observatory stations. However, a traditional approach to determine water contamination is discontinuous, and thereby makes pollution assessment of the entire estuary very diffi cult. Nowadays, remote sensing technology has been developed and widely applied in many fi elds, for instance, in monitoring water environments. Remote sensing data combined with information from in-situ observations allow for extraction of polluted components in water and accurate measurements of pollution level in the large regions ensuring objectivity. According to results obtained from Spot-5 imagery of Quang Ninh and Hai Phong, the extracted pollution components, like BOD, COD and TSS can be determined with the root mean square error, the absolute mean error and the absolute mean percentage error (%): ±4.37 (mg/l) 3.86 (mg/l), 27%; ±55.32 (mg/l), 48.30 (mg/l), 14%; and ±32.90 (mg/l), 23.38 (mg/l), 28%; respectively. Obtained outcomes guarantee objectivity in assessing water contaminant levels in the investigated regions and show the advantages of remote sensing applications in Resource and Environmental Monitoring in relation to Water -Air -Land.
Introduction
Nowadays in the time of industrialization water, air, and soil pollution is a burning issue, especially in developing countries like Vietnam. Water estuaries and the coastal zone of Quang Ninh and Hai Phong are hardly affected by agricultural, industrial, anthropogenic and natural activities. The coeffi cient of oil pollution in the sediment increased from 0.7 (in 2001) to 2.4 (in 2008) . Pollution of water takes the second place after oil pollution. Recently, turbidity level of coastal water increased in the beach zone and badly affected tourism and caused coral bleaching by reducing productivity of phytoplankton photosynthesis. Only for Cam River from 1960 to 1992, the average water fl ow silt content increased from 1 to 12.9 km 3 /year and from 20 g/m 3 to 340 g/m 3 , respectively. Moreover the Bio -chemical Oxygen Demand (BOD) is greater (13.6 to 31 mg/l), and the level of the bacteria (coliform) exceeded acceptable standards.
Along with the policy and raise public awareness about protecting the environment, we need to put the scientifi c advances in environmental remediation; fi rstly there is a need to strictly monitor the environment using technological innovations. In the fi eld of water environment, Remote Sensing solutions allow for an objective presentation of environmental state on the large-scale. Satellite remote sensing technology has been applied in the World for many years, from the 70's-80's, when Landsat and Spot images appeared on the market (Verdin, 1985; Lathrop and Lillesand, 1989) . The beginning of 21 st century brought new satellites that could be applicable to water quality monitoring and allowed many countries to use this technology not only for water preservation and management Richie et al., 2003 , Yuan -Fong Su et al., 2008 Keiser et al., 2008; Manchino et al., 2009) . Optical satellite imagery with a spatial resolution as high as satellite Worldview -2 ( less than 0.5 m for panchromatic and 2.0 m for multispectral) has been studied to monitor water quality in the continent and coastal strip (Liew et al., 2011) .
Presented results are part of a project entitled "The use of remote sensing and GIS technology for establishing a database, mapping the waste water pollution from industrial park, urban to make warning of the risk of pollution in the northern key economic regions" (by the national remote sensing center (now is National Department of remote sensing), according to the Decision No. 977/QD-BTNMT, June 02, 2011 ) and showed that with the use of SPOT5 satellite images, as well as in the near future using Vietnam VNREDSat -1 satellite images, we can actively monitor water surface quality of the river fl ow, lakes and coastal estuaries. With Spot-5 satellite imagery acquired on 23rd October 2010 of Quang Ninh -Hai Phong area we extracted some pollution components like BOD (Bio-Chemical Oxygen Demand), COD (Chemical Oxygen Demand) and TSS (Total Suspended Solid) with an average relative error and mean square error, respectively, 3.84%, ± 4.37 (mg/l ); 0.01%, ± 55.32 (mg/l); 0.01%, ± 32.90 (mg/l). The correlation coeffi cient R between the components of pollution estimated model BOD, COD and TSS from remote sensing and data of water samples taken from the fi eld are: 0.74, 0.84, 0.91, respectively.
Scientifi c basis and technology solutions

Radiation of water body and its inherent optical properties
For fi eld direct measurements of the water surface radiation our investigation team were using a spectrometer. By defi nition of Mobley (1999) , the determination of the remote-sensing refl ectance (R rs ) is measured as:
Where: L w is the water-leaving radiance signal, E d is the downwelling irradiance signal just above the water surface (from the sun, the sky or light radiation to go to the water surface). The downwelling irradiance E d is still given by Mobley 1999 as:
Where: L d is the downwelling radiance signal, R p is the refl ectance factor, λ is channel image corresponding to a compatible wavelength. The under-water upwelling radiance signal, L u , is the total of the water-leaving radiance signal, L w , and the sky radiance directly refl ected by the surface, L r , i.e.:
k is a proportional factor which relates the sky radiance (L s ) to the radiance directly refl ected by the surface (L r ). The water-leaving radiance (L w ) is then:
The k value depends on many factors of the atmospheric environment. In case of using optical satellite imagery such as SPOT, Landsat, etc. this value depends on the wavelength of each spectral channel of the image. The description of three radiation components coming into the sensor is shown in Figure 1 . Remote Sensing Refl ectance defi ned by the equation (1) may be associated with internal Fresnel refl ectance (ρ), the air -water Fresnel refl ection at the interface (ρ -), the refractive index of water (n), the water-air refl ection (r -); at the same time is also a function of the absorption coeffi cient of the water body (a) and backscattering coeffi cient of the water body (b b ), with relative coeffi cient (f), is described according to (Gordon et al., 1975; Morel and Gentili, 1993) :
Where:
, with E u (0-) is the upwelling irradiance at null depth (denoted 0-) or from the water surface, Lu (0-) -see expression (3) .
Indirect radiation of water body from a satellite
Due to atmospheric effects, satellite optical remote sensing in general and therefore Spot imagery need a radiometric correction and particularly an atmospheric correction. First of all, an original image has to be converted from quantized DN values into values of refl ectance at the top of atmosphere (TOA), R*. Next, using an atmospheric correction model (Vermote et al., 1997) , TOA refl ectance values need to be modifi ed into the surface refl ectance. TOA refl ectance R* associated with the water body, namely the above-water refl ectance R w (4) can be calculated through the relationship:
Finally remote sensing refl ectance is calculated by the relationship:
where R a and R r are the aerosol and Rayleigh refl ectance, T g and T d are the gaseous and diffuse transmittances in the atmosphere; S -the total spherical albedo. Remote sensing refl ectance can be calculated from the equation (7), (5) and (1).
Identifying the components of surface water pollution
For the estimating and mapping of the spatial distribution of water quality variables (components of surface water pollution) with usage of remote sensing images, fi rst it is needed to estimate modeling of water quality based on water surface-leaving refl ectance. Several regression models are often used [2-6, 10-13, 15], and can be summarized in four basic forms:
Where: Y -the water quality variables; X i -water surface-leaving refl ectance of a given spectrum.
One of the important steps in analyzing the estimated models of surface water pollutants such as BOD, COD, TSS etc. is validating established models. Firstly, correlation coeffi cients between fi eld observation and modeled values have been calculated (10a). However, good correlation coeffi cients do not automatically indicate good model accuracy. Therefore, other statistical parameters were used to assess model performance. In this research (table 2), useful statistical parameters are as follows:
Correlation coeffi cients, R 2 :
Root mean square error, RMSE:
Mean absolute error, MAE:
Coeffi cient of modeling effi ciency, ME (after Buler and Mayer, 1993) :
x i are the observed values with mean of ; y i are the modeled values with mean of ; n is the number of observations; i = 1, 2, 3, …n.
When modeling, the key is to present objectively the nature of the phenomenon, it does not depend on the imposition of human consciousness but on the relationship between water quality variables with water surfaces-leaving refl ectance, as presented in Section 2.1 and 2.2. Solving this is the essence of the right technology. In order to accomplish that goal, there should be implemented 2 processes: -Finding the objective relationships between water quality variables and water surface-leaving refl ectance. -Selecting the appropriate model for mapping water quality.
Effective tool to solve the above technology is based on regression theory with image processing and combing images on high level.
Results and evaluation
Input materials a) Satellite image:
Satellite images used in our experiment were two Spot-5 images.
Their parameters are presented in table 1. b) Map data: Map data used was the topographic map with a scale of 1: 25,000 for Quang Ninh, Hai Phong regions. c) Water quality component data analyzed from fi eld water samples (in-situ measurements). Field data used in this study included: GPS data measured at nine monitoring sites in the current study area, and water sampling at these 9 points for laboratory analyses of water quality components. From the results of water sample analysis, we have used three components COD, BOD, TSS (Table 2, column 2) to build a model for the entire region from SPOT-5 images. 
Concentration distribution of water pollutants extracted from Spot-5 image
The fi rst step is to correct images (radiation) due to atmospheric effects, to eliminate the noise affecting the water-leaving radiance. This issue has been mentioned in Section 2.
To extract the distribution function of surface water quality from Spot-5 images, we built the relationships between radiance values in the refl ected image atmospherically corrected and data components pollutants at the fi eld observation stations. The concentrations of contaminants have been extracted from the image data based on the data of water samples taken from the fi eld stations and described through the following models: The relationships (11a), (11b), (11c) have been determined based on the values estimated from satellite imagery and fi eld observation (fi gure 3).
In order to evaluate the three models built in this study, we determined the root mean square error (RMSE), mean absolute error (MAE), the correlation between fi eld data and data extracted from the model and Modelling Effi ciency ME. Assessment results are presented in Table 2 .
Image pollutants BOD, COD, TSS have been exported to ArcGIS for stratifi cation of pollutants and mapping. Six maps in 1:25000 of three components of BOD, COD and TSS have been established. Figure 4 presents 3 maps of pollution components with their parts, that were magnifi ed.
Discussion
Here are some comments from analyzing results from Table 2 : − The correlation coeffi cient between the built models of COD, BOD, TSS and fi eld sample data has the corresponding values of 0.84, 0.74 and 0.91. This represents: the built models presents the actual values, that have reliability at level: 84%, 74% and 91%, respecively: it also can be said: models for determining water pollution components COD, BOD, TSS from Spot-5 images with only a few fi eld samples can replace a substantial portion of in-situ professional measurements to determine water pollution in investigated estuary with reliability that reaches 84%, 74% and 91%. − According to analyzed fi eld samples the COD component has been in a high amount of 125-504 mg/l, while the BOD fl uctuated slightly from 3.7-20.8 mg/l, but the variability of TSS relatively is large from 16 to 241mg/l. − From differences between model and in-situ data (Table 2 , column 4), the root mean square error (RMSE) and the mean absolute error (MAE) of BOD, COD and TSS were calculated, with values of ± 4.37 (mg/l), 3.84 (mg/l); ± 55.32 (mg/l), 48.30 (mg/l), and ± 32.90 (mg/l), 23.38 (mg/l), respectively. The variation range between these two types of errors of BOD and COD are relatively small, whereas the TSS is great. This presents the sustainability of the TSS model slightly less than the sustainability of the model BOD, COD. − Mean absolute deviation in % (compared with the average fi eld values) of COD, BOD, TSS is 14%, 27%, 28%, respectively. Through this, the models show the determination of COD, BOD and TSS for achieving accuracy from 72% to 86% compared with fi eld monitoring. − The model effectiveness (ME) of BOD, COD, TSS, respectively are in values of 0.352, 0.733 and 0.933 , that showed BOD model is in low effectiveness. This might explain that the real value of BOD is too small, ranging between 3.7 (mg/l) to 20.8 (mg/l).
BOD in Zoom
COD in Zoom TSS in Zoom It shows that in general the area is unpolluted by BOD. − COD component concentration is relatively high, especially more than 500 (mg/l), exceeding the permitted standards. Some local places are of the high concentration as in Lach Huyen, estuaries Hon Dau. − TSS pollution composition is also relatively high, more than 260 (mg/l), exceeding the acceptable levels in some areas like at the mouth of River Nam Trieu, Lach Tray, TSS pollution component of the high concentration.
Conclusion
Results derived with applications of Spot-5 images shows the superiority of satellite technology for monitoring water quality in the wide scale of the area of interest. The models of water quality components, i.e. COD, BOD, TSS built from Spot-5 and data from in-situ measurements allowed for obtaining results with correlation coeffi cients for parameters at levels: 0.74, 0.84 and 0.91, respectively. Root mean square error (RMSE) and mean absolute error (MAE) of BOD, COD and TSS were calculated, with corresponding values of ± 4.37 (mg/l), 14% ± 55.32 (mg/l ), 27% ± 32.90 (mg/l), 28%. The method presented above can be applied to multi-temporal monitoring of rivers, lakes and coastal regions, and not only provide objectivity but also economic benefi ts. To build an accurate model there is one most important and strict requirement: the synchronicity of taking fi eld observations (taking water samples) and acquisition of satellite images.
